INTRODUCTION
============

The etiology, diagnosis and treatment of temporomandibular disorder (TMD) are a controversial subject. According to Mehta, et al.[@B09] (1984) the system can be divided in three main areas termed the \"triad of dysfunction\", which accounts for the majority of patients complaints: 1. myofascial pain and dysfunction; 2. internal derangement of the temporomandibular joint (TMJ) and 3. cervical spine dysfunction (CSD).

The guidelines of the American Academy of Orofacial Pain pointed out a correlation of TMD and cervical spine. The cervical spine is intimately related to the cranium and masticatory system via specific joint articulations, muscle attachments, and neural and vascular innervations and the relation of postural balance among them is of fundamental importance to maintain the functionality of the system formed by these structures[@B13].

More and more clinicians are recognizing the presence of signs and symptoms of CSD in many of their patients with TMD, however this exact relationship between CSD and TMD is still unclear[@B02]. Munhoz, et al.[@B10] had already demonstrated a predisposition for individuals with more severe TMD to exhibit cervical spine hyperlordosis.

Some studies support the connection between head and cervical posture and TMD[@B07],[@B11],[@B14], while others do not[@B03],[@B16]. Due to the great controversy about the causative factors of TMD this study investigated the possibility of association between head and cervical posture and internal derangement. The space existent between the base of the occipital bone and posterior arch of the first vertebra, C1-C2 distance, the craniocervical angle and the position of the hyoid bone were used as parameters.

MATERIAL AND METHODS
====================

The sample of the present study consisted on 60 volunteers (47 women and 13 men, mean age 34.2). The study protocol was approved by the Research Ethics Committee of the Dental School of Piracicaba, São Paulo, SP, Brazil (020/2002).

The clinical examination included the evaluation of signs (mandibular trajectory and movement during mouth opening, TMJ sounds) and symptoms (TMJ and muscle tenderness determined by palpation) following the guidelines set forth by RDC/TMD axis I[@B12]. The main components of RDC/TMD include determination of painful muscle sites, painful joint palpation, painful mandibular function, and range and trajectory of mandibular opening[@B12]. All patients were examined by using magnetic resonance imaging (MRI) and teleradiographs.

The MRI was obtained with a 1.5 T magnetic resonance unit (Sigma, GE, Milwaukee Wisconsin, USA) using high-resolution bilateral spools for assessing the position and function of the articular disc. The protocol for image acquisition was based on Hollender, et al.[@B06] (1998), which is initially constituted by axial cuts, and from these, oblique sagittal images were obtained, perpendicular to the long axis of the condyle. After that, coronal images were performed. Images were obtained at closed-and open-mouth positions in the sagittal plane and at the closed-mouth position in the coronal plane. The parameters for the sagittal and coronal images were as follows:

Repetition time (TR), 2500 ms; echo time (TE), 24 ms; field of view, 12 cm, number of excitations, 2. We used a slice thickness of 3 mm for the sagittal images and 2 mm for the coronal acquisitions and a matrix of 512 x 512 pixels. Scanning time was 2 min and 45 s for the closed-and open-mouth sagittal images and 1 minute and 55 s for the closed-mouth coronal images. Initial localizers (TR= 300 ms, TE=8 ms) were used for planning sagittal images. The coronal images were planned by using sagittal images on each side as an orientation for perpendicular to the disc and posterior slope of the articular eminence. The complete exam was initially composed of a sequence of 15 axial slices, followed by a sequence of 8 sagittal images at closed-mouth of each TMJ. Eight coronal images also at closed-mouth and finally a sequence of 8 sagittal images at open-mouth position of each TMJ. All images were recorded on CD for later analysis and interpretation by a specific computer program called eFilm Workstation version 1.5.3.

Two experienced radiologists who made a consensus evaluation of all images without any clinical information performed MRI image evaluation. The antero-posterior position of the disc relative to the condyle was determined by closed-and open-mouth sagittal images; and lateral and medial disc displacements were interpreted by coronal images. Functional positions of the articular discs were assessed in accordance with the classification proposed by Tasaki, et al.[@B15] (1996), in which they classify as normal position, anterior disc displacement with reduction and anterior disc displacement without reduction.

The lateral teleradiographs (Siemens, São Paulo, SP, Brazil) were taken of the cranium and cervical spine in order to evaluate the head and cervical posture. Exposure factors varied in accordance with the biotype of each subject in the study. In order to interpret the relation of the cranium with the cervical spine, the radiograph was taken with the patient in the self-balanced position as recommended by Rocabado (1984)[@B13]. The cephalometric analyses as described by Rocabado (1984)[@B13] for measuring the suboccipital space (C0-C1 distance), atlas-axis distance (C1-C2 distance), craniocervical angle (CCA) and position of the hyoid bone widths were performed ([Figure 1](#f01){ref-type="fig"}). The measurements were done by the same two evaluators, who did not have knowledge about the diagnostic obtained by MRI. To evaluate the reliability of each examiner, 10 radiographs were chosen randomly to repeat the measurements.
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Data were submitted to statistical analysis by Fisher\'s exact test at 5% significance level. Kappa (*K*) statistics was used to assess the degree of reproducibility and agreement between surveys.

RESULTS
=======

[Table 1](#t01){ref-type="table"} presents the distribution and classification of symptomatic and asymptomatic individuals with and without articular disc displacement in relation to the C0-C1 space. It was observed that most individuals symptomatic for TMD presented disc displacement, and these were related to a normal suboccipital space (4 to 9 mm). The main findings observed in symptomatic individuals were painful masseter muscle, painful joint palpation and painful mandibular function. Asymptomatic individuals with normal positioning of the disc were associated with normal values of the space between C0-C1, comprising 57% of the individuals. Fisher\'s exact test showed statistically significant difference (p\<0.05) between disc position and C0-C1 space measurement for both symptomatic (p=0.04) and asymptomatic (p=0.02) individuals.

###### Distribution and classification of symptomatic and asymptomatic individuals, with and without articular disc displacement, in relation to the values referring to the suboccipital space

  Patients       CO-C1 space   Normal disc   Disc displacement
  -------------- ------------- ------------- -------------------
  Symptomatic    \< 4          0             0
  4 to 9 mm      1 (20%)       18 (72%)      
  \> 9           4 (80%)       7(28%)        
                 5             25            
  Asymptomatic   \< 4          0             0
  4 to 9 mm      12(57%)       9(100%)       
  \> 9           9(43%)        0             
                 21            9             

Fisher\'s exact test (p\<0.05); symptomatic (p=0.04) and asymptomatic (p=0.02).

There were no statistically significant difference (p\>0.05) for C1-C2 space, cranio-cervical angle and hyoid bone position. [Tables 2](#t02){ref-type="table"} to [4](#t04){ref-type="table"} show the distribution and classification of symptomatic and asymptomatic individuals with and without articular disc displacement according to the above parameters.

###### Distribution and classification of the TMJs of symptomatic and asymptomatic individuals, with and without articular disc displacement, in relation to the values referring to the C1-C2 space

  Patients       C1-C2 space   Normal disc   Disc displacement
  -------------- ------------- ------------- -------------------
  Symptomatic    \< 4          1(20%)        4(16%)
  4 to 9 mm      2(40%)        19(76%)       
  \> 9           2(40%)        2(8%)         
                 5             25            
  Asymptomatic   \< 4          1(5%)         3(33%)
  4 to 9 mm      17(81%)       6(67%)        
  \> 9           3(14%)        0             
                 21            9             

Fisher\'s exact test (p\>0.05); symptomatic (p=0.08) and asymptomatic (p=0.09).

###### Distribution and classification of the TMJs of symptomatic and asymptomatic individuals, with and without articular disc displacement, in relation to craniocervical angle values

  Patients       CCA         Normal disc   Disc displacement
  -------------- ----------- ------------- -------------------
  Symptomatic    \< 96^0^    0             2(8%)
  96 to 106^0^   2(40%)      9(36%)        
  \> 106^0^      3(60%)      14(56%)       
                 5           25            
  Asymptomatic   \< 96^0^    2(9.5%)       2(22%)
  96 to 106^0^   5(24%)      5(56%)        
  \> 106^0^      14(66.5%)   2(22%)        
                 21          9             

Fisher\'s exact test (p\>0.05); symptomatic (p=1.00) and asymptomatic (p=0.07).

###### Distribution and classification of the TMJs of symptomatic and asymptomatic individuals, with and without articular disc displacement, in relation to the values referring to the hyoid bone position

  Patients              Hyoid bone position     Normal disc   Disc displacement
  --------------------- ----------------------- ------------- -------------------
  Symptomatic           normal (below to 5mm)   0             7(28%)
  same line             0                       0             
  above                 2(40%)                  6(24%)        
  below (over to 5mm)   3(60%)                  12(48%)       
                        5                       25            
  Asymptomatic          normal (below to 5mm)   10(48%)       4(44.4%)
  same line             2(9%)                   1(11.1%)      
  above                 4(19%)                  2(22.2%)      
  below (over to 5mm)   5(24%)                  2(22.2%)      
                        21                      9             

Fisher\'s exact test (p\>0.05); symptomatic (p=0.05) and asymptomatic (p=1.00).

The *K* value for inter-observer agreement was used to evaluate the reproducibility. Overall, these values indicated a good to almost perfect agreement (0.81 to 1).

DISCUSSION
==========

When assessing symptomatic patients for disc displacement with reduction, Armijo Olivo, et al.[@B01] (2001) found values considered normal for the C0-C1 space in 48% of them. In this study, the CO-C1 space was the only one that showed a significant difference between groups and considering the normal values for the C0-C1, it was observed that 20% of symptomatic individuals and 57% of the asymptomatic subjects showed normal disc position. Disc displacement diagnosis performed by Armijo Olivo, et al.[@B01] (2001) was based only on clinical signs and symptoms, which may lead to a false-positive diagnosis for disc position. Differently, in the present study, the clinical diagnosis was associated with MRI.

As mentioned by Rocabado[@B13] (1984), the maintenance of the space between CO-C1 prevents compression of the neurovascular elements and altered spaces could produce articular hypomobility, muscular tension and local pain. However, the greater prevalence of TMJs with disc displacement, presenting normal CO-C1 space may lead to think that the symptomatology observed in these individuals should be related to intra-articular factors.

Regarding the craniocervical angle, no relation was found between TMD and craniocervical dysfunction. No statistically significant difference was found between normal disc position and disc displacement in both groups. In this research, the majority of disc displacements (56%) were related to craniocervical angles higher than 106° in individuals with TMD complaints, agreeing with Lee, et al.[@B08] (1995). Differently, Armijo Olivo, et al.[@B01] (2001) found 80% of symptomatic individuals with disc displacement presenting altered craniocervical angle. Most of them (60%) presented values compatible with a posterior rotation of the head in relation to the spinal column. Nevertheless, it should be emphasized that according to the cited literature[@B01],[@B08] the diagnosis of disc displacement was based on a clinical assessment and the presence of symptoms only does not necessarily indicate an altered disc position.

Angles lower than 96° lead to an exaggerated posterior rotation of the head that may cause a lot of alterations, such as reduction of the suboccipital space with signs of craniofacial pain and strong tension in the supra and infra hyoidea musculature. On the other hand, angles higher than 106° are implicated with anterior rotation of the head that cause increase in the suboccipital space, inversion of the physiological curvature (kyphosis) and exaggerated tension in posterior craniovertebral soft tissues [@B13]. A direct relationship between the anterior position of the head and TMD has been investigated by different authors and different opinions have been proposed. Sonnesen, et al.[@B14] (2001) reported that the presence of TMD signs is more prevalent in patients that presented an anterior head position, but could not affirm if these signs were the cause or the consequence of this position. However, Visscher, et al.[@B16] (2001), when making a similar comparison to assess both patients and asymptomatic volunteers did not find any relationship between the presence of craniocervical dysfunction symptoms, temporomandibular dysfunction and the abnormal position of the head.

Considering the hyoid triangle, it was observed that the majority of the symptomatic patients with normal disc position presented the hyoid below the C3-RGn line more than 5 mm, while the majority of the asymptomatic volunteers showed the hyoid in the normal position. The presence of negative hyoid triangle (above the C3-RGn line) was observed in 40% of symptomatic individuals with normal disc position and in 19% of asymptomatic volunteers. This condition was observed in 36.6% of individuals assessed by Fuentes, et al.[@B03] (1999) and in 11.2% of the sample observed by Henríquez, et al.[@B05] (2003). Both[@B03],[@B05] conducted the studies in completely asymptomatic individuals for temporomandibular or cervical problems while in the present study we considered both asymptomatic and symptomatic individuals, as well as the disc position.

Thus, based on the results observed in this study, no direct relationship could be determined between the presence of disc displacement and the assessed variables. From the results regarding the four parameters used to assess the presence of craniocervical dysfunction, no association between them and internal disorder of the TMJs was considered, even though, statistically significant difference have been found in one of them (C0-C1space).

Halbert\'s[@B04] (1958) statement may explain the results of the present study. According to him, there is a close anatomo-functional relationship between the masticatory system and the cervical region and scapular centric, and the postural alteration of the head leads to a disadvantage to muscular biomechanics. Therefore, the relationship between craniocervical disorder and TMD may be stronger related to the muscular component rather than the articular component.

CONCLUSION
==========

Although the alterations in the parameters that diagnose craniocervical dysfunction are not related to disc displacement, further studies should be conducted in order to achieve a final conclusion. This study alone could not affirm that there is relation between craniocervical dysfunctions and temporomandibular disorders. Furthermore, it is important to note that TMD is not related only to the position of the articular disc, but also to other signs and symptoms.
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